Much of the effort directed toward improving the diets of needy people is centered on the improvement of the protein content and quality of cereals by the addition of protein-rich foods, protein concentrates, or essential amino acids. Many such mixtures have been formulated and tested in experimental animals, or actually tested in children, but few have achieved significant human consumption.
by developed
versally acceptable, wheat is one of the commodities most frequently distributed by government and voluntary agencies. The soy bean is a rich source of protein and of the amino acid, lysine; it also can be produced efficiently and the technology of its utilization is far advanced. In addition, the combination of wheat and soy flours nmkes much sense as the latter should correct the lysine deficiency of the former. Such a mixture is now being made available by our government in its international programs as wheat-soy blend (WSB). The following is a report of the evaluation of WSB in the diet of convalescent malnourished and normal infants and children. Also included are resuits obtained with another wheat-soy blend and with an oat-soy blend.
Materials
The batch of wheat-soy blend used in these studies was made by the Peavey Co. (Minneapolis, Minnesota 55415) from 40.7% straight.grade hard winter.wheat flour, 40.5% wheat concentrate, 16.39% toasted defatted soy flour, 1% calcium carbonate, 17 dicalcium phosphate dihydrate USP, 0.25% sodium chloride, 0.06% sodium iron pyrophosphate, and 0.1U vitamin and iodine premix. Its partial proximate composition was: 5.9% moisture, 4.64% ash, 24.0% protein (N X 6.25), 3 .9% fat, and 1.9% fiber. The PER in rats (casein 2.50) was 2.05.
The second wheat-soy mixture, Mx-44 (Productos Quaker, Colombia, S.A.), was made available to us by the United Nations Children's Fund and was made from 62.9% whole wheat flour, 35',' defatted soy flour, vitamins, and minerals. The mixture contained 27.0% protein, 1.8% fat, 7.51,; moisture, 2.7% fiber, and 5.4% ash. The PER in rats (casein 2.50) was 2.20.
The oat-soy mixture, Mx-45 (Productos Quaker, Colombia, S.A.), was made from 62.9% whole groat oat flour and 35% defatted soy flour. It contained 28.8% protein, 4.8% fat, 7.4%,' moisture, 2.1% fiber, and 5.2% ash. The PER in ats (casein 2.50) was 2.32.
Methods
As in previous stLdies (1), co.oparisons were made in the same children between casein and the test mix tures as the only source of protein in isocaloric, iso. nitrogenous diets. Protein (N X 6.25) calories were 8% of the total in all the comparative studies except one, when they were 6.7(,;. Intake and retention of N in milligrams/kilogram body weight per day; apparent absorption and retention as percent of intake; weight gain and change in serum albumin are shown.
16 months; 69.6 cm (8 months); 8.1 kg (7 months). bHospital day 100; a Hospital day 102; age age 9 months; 56.5 cm (1.5 months); 5.2 kg (2 months).
cHospital day 60; age 31 months; 81 cm (17 months); 10.7 kg (15 months). J Hospital day 127; age 34.6 months; 78.5 cm (15.2 months); 10.5 kg (14 months).
, Hospital day 530; age 18 months; 79.5 cm (16 months); 10.8 kg (15 months). (The age in months after each measurement is that to which it corresponds on a well-known U.S. standard and is a rough index of the degree of undernutrition and state of recovery.) urinary, and fecal nitrogen were determined by the micro-Kjeldahl method, plasma proteins by paper electrophoresis, and fasting plasma free amino acids by ion-exchange column chromatography (3). Plasma tryptophan was determined photofluorometricaily (4) . A limited number of prolonged feeding studies, with one of the test mixtures as the only source of protein, were carried out, as were two studies of amino acid enrichment. WSB was used as the source of pro tein in the initial dietary management of two infants with severe marasmus. provided 6.7 %, for the other four, it pro vided 8% of total calories. Hospital day, and the age, height, and weight at the be ginning of the studies are given for each child in Table 1 . The age in months after corre each measurement is that to which it sponds on a well-known United States standard and is a rough index of the degree of undernutrition and state of recovery.
Results
Height age/chronologic age is indicative of the degree of stunting, and weight age/ height age indicates the state of recovery. In four of the five children, rates of' weight gain roughly paralleled the apparent nitrogen retentions. In one, no. 195, the rate of weight gain on WSB was greater than on casein but at the same time there was a noticeable drop in seium albumin, In one of the others, no. 187, weight gain was appreciably less on WSB and there was also a marked drop in serum albumin, In no. 209, nitrogen retention was only 65% of the casein value but even after 160 days serum albumin was at a normal 4.18 g1100 ml; a normal body composition was probably maintained by a decreased rate of weight gain. Table 2 summarizes the comparative studies with Mx-44, the second wheat-soy blend, and with Mx-45, the oat-soy blend. Apparent N absorption from Mx-44 was 88 and 85% of the casein values in one convalescent and one normal infant, quite similar to the values for WSB. In no. 204, the biological value for Mx-44 appeared higher than that of casein, an unlikely cir cumstance. In the second infant, no. 231, the studies were made at the end of prolonged feeding and the apparent N retention from Mx-44 was 70% of that from casein. Bio logical value can be estimated at 82% of that for casein, a figure similar to that for WSB. Relative rates of weight gain paral leled those for nitrogen retention. as well as the advances in the Initial chronologic age (CA), height age (HA), and weight age (WA), same are given.
For Mx-45, the oat-soy blend, apparent 86, 90, and 88% of the N absorption was casein values, a protein digestibility nearly identical to that of WSB and Mx-44. Apparent N retention was 100, 99, and 95% of the casein values, implying in each case a higher biological value, or retention of adsorbed nitrogen, than from casein. Rates of weight gain were similar for both sources of protein, as were changes in serum albumin. Table 3 summarizes the results of prolonged feeding studies. One normal and one convalescent child received WSB as the only source of protein for 151 and 160 days. During 5 months, no. 190 advanced 5 months in height age and 8 months in weight age and experienced a minimal fall in the serum albumin level. During 5.3 months, no. 209 gained 8.8 months in height age and 22.1 mont'is in weight age, becoming quite obese. Despite a modest fall in the serum albumin level, this remained in the normal range.
Despite a gain in height age of only 1.1 months by no. 211 during 3.6 months of Mx-44 feeding, this, as well as the weight age and the serum albumin level, remained normal. During 2.7 months of Mx-45 feeding, no. 244 gained more in weight age than in height age and serum albumin fell our significantly to 3.59 g/100 nil, below normal ran-e.
Two infaits admitted with severe marasmus received WSB as the only source of protein during their initial dietary manage ment. In one of them, protein intake was giadually increased to 4.0 g/kg per day and caloric intake increased to 150 kcal/kg per day, protein calories never being less than 9% of the total. Despite this, and a satis factory clinical condition, consistent weight gain was not established and the serum al bumin fell gradually from 4.27 to 2.17 g/100 ml in 51 days, after which milk protein brought about a prompt normalization. In the other infant, protein intake was gradu ally increased to 5.0 g/kg per day and cal ories increased to 150 kcal/kg per day, with protein calories never less than 9.3% of the total. During 38 days, despite steady weight gain and excellent clinical condition, serum albumin fell from 3.16 to 2.18 g/100 nil, again necessitating a change to milk protein for correction. In one child receiving WSB as the source of protein, with 6.4l./,, of calories as pro tein, the addition of 20 mg DL-niethionine/ kg per day produced no measurable in crease in nitrogen retention, when com pared with preceding and following periods without such supplementation. Rate of weight gain was minimally higher during methionine supplementation and serum al bumin remained unchanged; during both unsupplemented periods it fell significantly.
In another child receiving Mx-44 as the source of protein, at 8.0% protein calories, Table 4 summarizes the results of the fasting plasma free anino acid determinations and compares them with results obtained in infants and children receiving methionine-deficient and methionine-supplemented (5), lysine-dcficient and lysine supplemented (6), or milk protein diets (7) . In all cases, the particular diet had been consumed for a minimum of 9 days when the plasma sample was obtained, Despite moderately higher protein to calerie ratios in the WSB, Mx-44, and Mx-45 diets, total amino acid concentrations (TAA) were, if anything, slightly lower than on the other diets. The concentrations of the total essential amino acids (EAA) were moderately lower than with milk protein, similar to those from other diets, The same was true for the ratio of EAA to TAA, which reflects the same ratio in the dietary protein, and to a certain extent, the adequacy of protein intake (5-7). Plasma lysine, as the molar fraction of EAA, was significantly higher on all three diets than on the lysine-deficient wheat diets (W), but not different from the other all lysine-sufli cient diets. The molar fraction of nethio nine was similar for all diets. The molar concentrations or fractions of all other amino acids were not altered in any char acteristic fashion.
Discussion
The digestibility of the protein in both wheat--soy mixtures studied was similar to that of other cereal-based mixtures which we have evaluated, but markedly inferior to that of white wheat flotir (6) . This re stilted in nitrogen retention, which was inferior to that from white flour enriched with lysine or fish protein concentrate, de spite similar biological values. Prolonged feeding with both nixtures demonstrated that at high enotgh protein/calorie ratios, at least 8V(' and preferably 9 to 10',; pro tein calories, these wheat -soy mixtures can serve as the only source of dietary protein for healthy infants and children. The un satisfactory results in the treatment of ma rasmic infants precluded any trials in kwashiorkor, and suggest that these mixtures are not adequate sources of protein for the malnourished or sick child. Similar results have been found with most other vegetable protein mixtures (2, 8) . A single supplenormal lysine/ mentation study and the EAA ratio in 23 fasting samples suggest that the soy protein adequately corrected no the lysine dciciency of wheat. We have evidence to prove that methionine was first-limiting in the mixtures, although their composition suggests that it was.
These studies strongly imply that wheat concentrates or whole wheat flour in mixtures for child feeding, because of their inferior digestibility, do not increase protein utilization to the extent that might be exnot for their contripected (2) . If it were bution to protein content, and their availability at low cost, the wheat concentrates or whole wheat flour would offer little ad- 
Summary a wheat
The utilization of proteins from flour-wheat concentrate-soy flour mixture and from a whole wheat flour-soy flour mix ture were significantly limited by their diges tibility, despite satisfactory biological values.
The biological value of an oat flour-soy flour mixture was so high that it almost com pletely compensated for its own inferior di gestibility, when it was compared with milk protein. [] 
